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PURPOSE: To restrain such inconvenience as the worsening of 
a fuel consumption and an output shock by selecting a smaller 
exhaust gas recirculation rate after comparing a basic exhaust 
gas recirculation rate with a limit exhaust gas recirculation rate 
and setting this as a target exhaust gas recirculation rate and 
controlling an exhaust gas recirculation valve. 
CONSTITUTION: EGR amount (rate, exhaust gas recirculation 
amount/fresh air intake amount) is controlled in response to 
the lift amount of a valve element 206 by the size of the 
negative pressure in an operation room 205A acting on a 
diaphragm 205 by EGR valve (exhaust gas recirculation valve) 
204. The lift amount of EGR valve 204 is controlled by an 
atmosphere side control solenoid valve 208 and a negative 
pressure side control solenoid valve 209 provided in an 
atmosphere introducing passage 208A communicating one end 
side to the atmosphere and the other end side to the operation 
room 205A. An air surplus rate is controlled most suitably by 
controlling the EGR valve 204 so as to be the limit EGR rate 
when the limit EGR rate is smaller than the basic EGR rate set 

in advance and the basic EGR rate when it is larger after calculating based on a limit X set at every 
fuel injection amount and an operation condition and a cylinder gas amount. 




LEGAL STATUS 

[Date of request for examination] 30.05.2000 

[Date of sending the examiners decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 33441 65 

[Date of registration] 30.08.2002 



titSl AVAILABLE COPY 



http://wwwl 9.ipdl.ncipi.go.jp/PAl /result/detail/main/wAAApyaqN4DA4090045 1 9P 1 .htm 2/4/2005 



Page 1 of 2 



* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The exhaust air reflux path which opens an internal combustion engine's flueway and inhalation- 
of-air path for free passage, and the exhaust air reflux valve which is infixed in said exhaust air reflux path, 
and controls the rate of exhaust air reflux, In the control unit of the internal combustion engine having the 
exhaust air reflux control means which controls said exhaust air reflux vafve so that the rate of target 
exhaust air reflux is obtained An excess-air-factor detection means to detect the actual excess air factor of 
the gaseous mixture inhaled in a gas column, A marginal excess-air-factor setting means to set up a 
marginal excess air factor according to engine operational status, A rate setting means of basic exhaust air 
reflux to set up the rate of basic exhaust air reflux according to engine operational status, Said detected 
actual excess air factor and said set-up marginal excess air factor, A rate operation means of marginal 
exhaust air reflux for it to be alike, and for it to be based and to calculate the rate of marginal exhaust air 
reflux, The control unit of the internal combustion engine characterized by having compared said rate of 
basic exhaust air reflux with said rate of marginal exhaust air reflux, having chosen the rate of exhaust air 
reflux of the smaller one, and constituting including a rate setting means of target exhaust air reflux to set 
up as said rate of target exhaust air reflux. 

[Claim 2] The control unit of the internal combustion engine according to claim 1 characterized by having a 
marginal fuel amount-of-supply operation means to calculate the marginal fuel amount of supply from 
which said marginal excess air factor is obtained, and performing fuel supply by the calculated marginal 
fuel amount of supply concerned when the rate of marginal exhaust air reflux calculated with said rate 
operation means of marginal exhaust air reflux is zero or less. 

[Claim 3] The control unit of the internal combustion engine having a means to control said inhalation-of- 
air throttle valve opening in order to infix an inhalation-of-air throttle valve in an internal combustion 
engine's inhalation-of-air path and to obtain the rate of target exhaust air reflux according to claim 1 or 2. 
[Claim 4] said marginal exhaust air reflux operation means — the rate (beta) of marginal exhaust air reflux - 
- beta=[(KlxGath-K2xLlmdxGf) x(Gath+Gf)]/[K3xGfx (Gath+LlmdxGf)] 

Kl, K2, and K3 are a multiplier. Gath is a new mind inhalation air content. Llmd is a marginal excess air 
factor. Gf is the fuel amount of supply. 

The control unit of the internal combustion engine of any one publication of claim 1 characterized by 
calculating based on the becoming formula - claim 3. 

[Claim 5] The control unit of the internal combustion engine according to claim 4 characterized by having 
set said Kl as the value of 0.2-0.3, and setting said K2 and K3 as the value of 3-4. 
[Claim 6] The control unit of the internal combustion engine of any one publication of claim 1 - claim 5 
with which the new mind inhalation air content used for said operation is characterized by constituting so 
that it may change with a predetermined delay degree to operational status change when said excess-air- 
factor detection means is constituted so that an actual excess air factor may be detected based on a new 
mind inhalation air content. 

[Claim 7] Said marginal fuel amount-of-supply operation means is the marginal fuel amount of supply (T 
Gf) T Gf=(K4xGath)/(K5xLlmd) 

The control unit of the internal combustion engine of any one publication of claim 2 characterized by 
calculating based on the becoming formula - claim 6. 

[Claim 8] The control unit of the internal combustion engine according to claim 7 characterized by having 
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set said K4 as the value of and setting said K5 as the value of^l^ 
[Claim 9] The control unit of the internal combustion engine of any one publication of claim 1 
characterized by for the exhaust air reflux valve controlled by said exhaust air reflux control means having 
a predetermined progress degree, and controlling it - claim 8. 

[Claim 10] The control unit of the internal combustion engine of any one publication of claim 2 
characterized by for said inhalation-of-air throttle valve having a predetermined progress degree, and 
controlling it - claim 9. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the control unit of the internal combustion engine having 
EGR (exhaust air reflux) equipment in detail about an internal combustion engines control unit. 
[0002] 

[Description of the Prior Art] Conventionally, as a control unit of the internal combustion engine having 
EGR equipment, there are some which combined EGR control and fuel-injection control so that it may be 
indicated by JP,64-66447,A. This conventional control approach takes into consideration the actuation 
delay of the EGR valve at the time of acceleration (exhaust air reflux control valve). A predetermined 
period [ from ] when the command value of the amount of EGR(s) turns into a value (abbreviation close- 
by-pass-bulb-completely directions) near 0 or it (EGR cut directions), It is going to control the smoke at the 
time of acceleration (black smoke), and generating of particulate (PM) by carrying out specified quantity 
loss-in-quantity amendment of the fuel oil consumption, and making it decrease the amount of loss-in- 
quantity amendments of said fuel oil consumption gradually after said predetermined period progress. 
[0003] 

[Problem(s) to be Solved by the Invention] However, by the above-mentioned conventional control 
approach, since it was applied only to the field to which EGR is cut, when whenever [ EGR valve- 
opening ] changed between the fields where the amount of EGR(s) does not become in 0, it originated in 
aggravation of the excess air factor (new mind air weight / fuel weight) accompanying the actuation delay 
of an EGR valve, and the problem that a smoke (black smoke) and particulate (PM) got worse was not able 
to be solved. 

[0004] Since the request of exhaust air defecation needs to reduce NOx under exhaust air (nitrogen oxides) 
in a high situation like today especially, possibility that it is necessary to set up highly an EGR rate (the 
amount of exhaust air reflux / new mind intake air flow) in an EGR field, the excess air factor of a 
combustion chamber will be in the condition near a limitation (tolerance, such as a smoke and a particulate) 
in many cases, and an excess air factor will cross said critical point easily to change of few service 
conditions (EGR rate) is high. 

[0005] That is, while controlling a smoke and particulate aggravation at the time of transient operation, I 
hear that it is necessary to control an excess air factor the optimal, and it is so that discharge of NOx can 
also be controlled to the specified quantity. Moreover, at the time of transient operation, the fuel amount of 
supply is always controlled like before, and when it is the approach of correcting an excess air factor, the 
problem of generating frequently also has a comparatively big output shock. 

[0006] This invention was made in view of this conventional actual condition, is the control device of the 
internal combustion engine having EGR equipment, and aims at offering the control device of the internal 
combustion engine which enabled it to aim at effectively reduction of NOx, a smoke and particulate 
reduction, and reservation of operability. Moreover, it is also the purpose of this invention to attain further 
highly precise-ization of this equipment. 
[0007] 

[Means for Solving the Problem] For this reason, the control unit of the internal combustion engine 
concerning invention according to claim 1 The exhaust air reflux path which opens an internal combustion 
engine's flueway and inhalation-of-air path for free passage as shown in drawing 1 , In the control unit of 
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the internal combustion enjPIKiaving the exhaust air reflux valve whicIHs infixed in said exhaust air 
reflux path, and controls the rate of exhaust air reflux, and the exhaust air reflux control means which 
controls said exhaust air reflux valve so that the rate of target exhaust air reflux is obtained An excess-air- 
factor detection means to detect the actual excess air factor of the gaseous mixture inhaled in a gas column, 
A marginal excess-air-factor setting means to set up a marginal excess air factor according to engine 
operational status, A rate setting means of basic exhaust air reflux to set up the rate of basic exhaust air 
reflux according to engine operational status, Said detected actual excess air factor and said set-up marginal 
excess air factor, It was alike, and a rate operation means of marginal exhaust air reflux calculate the rate of 
marginal exhaust air reflux, and said rate of basic exhaust air reflux were compared with said rate of 
marginal exhaust air reflux, the rate of exhaust air reflux of the smaller one was chosen [ it was based, 
and ], and it constituted including a rate setting means of target exhaust air reflux set up as said rate of 
target exhaust air reflux. 

[0008] It had a marginal fuel amount-of-supply operation means to calculate the marginal fuel amount of 
supply from which said marginal excess air factor is obtained, and when the rate of marginal exhaust air 
reflux calculated with said rate operation means of marginal exhaust air reflux was zero or less, it 
constituted from invention according to claim 2 so that fuel supply might be performed by the calculated 
marginal fuel amount of supply concerned. In invention according to claim 3, the inhalation-of-air throttle 
valve was infixed in an internal combustion engine's inhalation-of-air path, and it had a means to control 
said inhalation-of-air throttle valve opening in order to obtain the rate of target exhaust air reflux. 
[0009] invention according to claim 4 — said marginal exhaust air reflux operation means — the rate (beta) 
of marginal exhaust air reflux - beta=[(KlxGath-K2xLlmdxGf) x(Gath+Gf)]/[K3xGfx (Gath+LlmdxGf)] 
Kl , K2, and K3 are a multiplier. 

[0010] Gath is a new mind inhalation air content. Llmd is a marginal excess air factor. Gf is the fuel 
amount of supply. 

It constituted so that it might calculate based on the becoming formula. Said Kl was set as the value of 0.2- 
0.3, and said K2 and K3 consisted of invention according to claim 5 so that it might be set as the value of 
3-4. 

[001 1] When said excess-air-factor detection means was constituted so that an actual excess air factor may 
be detected based on a new mind inhalation air content, the new mind inhalation air content used for the 
operation concerned consisted of invention according to claim 6 so that it might change with a 
predetermined delay degree to operational status change. By invention according to claim 7, said marginal 
fuel amount-of-supply operation means is the marginal fuel amount of supply (T Gf) T Gf=(K4xGath)/ 
(K5xLlmd) 

It constituted so that it might calculate based on the becoming formula. 

[0012] Said K4 was set as the value of 0.2-0.3, and said K5 consisted of invention according to claim 8 so 
that it might be set as the value of 3-4. It constituted from invention according to claim 9 so that the exhaust 
air reflux valve controlled by said exhaust air reflux control means might have a predetermined progress 
degree and might be controlled. It constituted from invention according to claim 10 so that said inhalation- 
of-air throttle valve might have a predetermined progress degree and might be controlled. 
[0013] 

[Function] In invention [ equipped with the above-mentioned configuration ] according to claim 1, the 
actual excess air factor of the gaseous mixture inhaled in a gas column is detected, and the rate of marginal 
exhaust air reflux from which a smoke etc. serves as a limitation is calculated based on this actual excess 
air factor and the marginal excess air factor (for example, excess air factor set as a smoke or particulate 
tolerance) set up according to engine operational status. And an exhaust-air reflux valve is made control to 
compare the rate of basic exhaust air reflux (for example, rate of exhaust air reflux set up so that it might 
become a desired NOx discharge), and said rate of marginal exhaust air reflux, to choose the rate of 
exhaust-air reflux of the smaller one, to set up as a rate of target exhaust air reflux, and to become with the 
rate of target exhaust-air reflux about this selected rate of exhaust-air reflux. 

[0014] By this, when said rate of basic exhaust air reflux is higher than said rate of marginal exhaust air 
reflux Since an exhaust air reflux valve is controlled to become said rate of marginal exhaust air reflux, 
while a smoke and a particulate can be controlled, when said rate of marginal exhaust air reflux is higher 
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than said rate of basic exhaf^^iir reflux Since an exhaust air reflux valve is controlled to become said rate 
of basic exhaust air reflux, faults by raising the rate of exhaust air reflux beyond the need, such as 
aggravation of fuel consumption and an output shock, can be controlled stopping NOx in predetermined. 
[0015] Moreover, the fuel amount of supply is controlled by opening control of an exhaust air reflux valve, 
and it enabled it to improve a smoke and a particulate effectively by this in the condition that it cannot 
control to target exhaust air reflux, at it, by the case where said rate of marginal exhaust air reflux becomes 
zero (the so-called EGR cut) or less in invention according to claim 2, without increasing NOx more than 
predetermined so that a marginal excess air factor may be obtained. 

[0016] By invention according to claim 3, the inhalation-of-air throttle valve was infixed in an internal 
combustion engine's inhalation-of-air path, by controlling the opening of an inhalation-of-air throttle valve, 
it continues extensively and the rate of target (field where inhalation-of-air negative pressure is small) 
exhaust air reflux was obtained. Thereby, a Diesel engine with the small inhalation-of-air negative pressure 
which is not usually equipped with an inhalation-of-air diaphragm of a throttle valve etc. also covers the 
large range, and can realize now the high rate of exhaust air reflux as a rate of target exhaust air reflux. 
[0017] By the operation approach like invention according to claim 4, if the rate of marginal exhaust air 
reflux is calculated, the rate of marginal exhaust air reflux can be calculated with high precision and easily. 
When setting Kl as the value of 0.2-0.3 and setting K2 and K3 as the value of 3-4 like invention according 
to claim 5, it was checked by experiment etc. that the rate of marginal exhaust air reflux to calculate is 
computed as a value well approximated to the actual rate of marginal exhaust air reflux even if a 
presentation, temperature, etc. of exhaust air reflux gas change. 

[0018] Since it was made to change the new mind inhalation air content used for the operation concerned 
with a predetermined delay degree to operational status change when it constituted from invention 
according to claim 6 so that an actual excess air factor may be detected based on a new mind inhalation air 
content Since a part for the restoration delay resulting from the inhalation-of-air path volume into the gas 
column of actual new mind inhalation air etc. can be amended to change of operational status (for example, 
engine rotational speed, an engine load, inhalation-of-air throttle valve opening), an actual excess air factor 
can be detected more to high degree of accuracy. 

[0019] By the operation approach like invention according to claim 7, if the marginal fuel amount of supply 
is calculated, the marginal fuel amount of supply can be calculated with high precision and easily. If K4 is 
set as the value of 0.2-0.3 and K5 is set as the value of 3-4 like invention according to claim 8, the marginal 
fuel amount of supply near much more actually can be calculated. 

[0020] Since it has a predetermined progress degree and the exhaust air reflux valve controlled by said 
exhaust air reflux control means was controlled by invention according to claim 9, the actuation response 
delay of an exhaust air reflux valve is cancelable. Since it has a predetermined progress degree and said 
inhalation-of-air throttle valve was controlled by invention according to claim 10, the actuation response 
delay of an inhalation-of-air throttle valve is cancelable. 
[0021] 

[Example] Below, it explains based on the drawing of attachment of one example of this invention. 
Drawing 2 shows the configuration of the electronics control type fuel injection pump (henceforth a ** 
system pump) carried in the engine 200 (for example, direct injection Diesel engine having EGR 
equipment) shown in drawing 3 . 

[0022] The detecting signal of a coolant temperature sensor 107, the detecting signal (signals for 
amendment, such as a fuel ratio pile) of a fuel temperature sensor 106, etc. are inputted into a control unit 
105 by making into a subject the detecting signal of the rotation sensor 101 attached in the ** system pump 
100, and the detecting signal of the accelerator opening sensor 108, in addition control mentioned later is 
performed in a control unit 1 05 based on these signals. 

[0023] Based on the control signal corresponding to the demand fuel oil consumption set up and outputted 
by the control unit 105 in response to signals corresponding to accelerator actuation of an operator, such as 
a signal of the accelerator opening sensor 108, and an engine speed, the angle of rotation of a governor 
motor 103 is controlled, and the controlling mechanism of fuel oil consumption is performed by moving 
the spill ring 109 connected with the governor motor 103 concerned by the link mechanism to the 
longitudinal direction in drawing. That is, the fuel compressed within the hyperbaric chamber 1 1 1 is made 
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by controlling the location^feely, feeding stroke) leaked through th^^^l port 112. 
[0024] In addition, the migration to the longitudinal direction in drawing of a plunger 1 10 is made by the 
force cam 113. Moreover, based on the signal of the angle-of-rotation location sensor 102, feedback control 
of the angle-of-rotation location of a governor motor 103 is carried out so that it may be in agreement with 
a command value (demand fuel oil consumption) from a control unit 105. 

[0025] On the other hand, based on the command value (according to the engine speed etc., set up 
beforehand) of a control unit 105, by controlling the DUTY ratio of the timing control valve 104, the 
controlling mechanism of fuel injection timing is controlling the timer piston 114 order differential 
pressure, and controlling the location of the timer piston 114, and has composition which controls fuel 
injection timing. 

[0026] Next, the controlling mechanism of EGR in this example is explained based on drawing 3 . The 
inhalation-of-air path 201 and flueway 202 of an engine 200 are connected through the EGR path 203, the 
EGR valve (exhaust air reflux valve) 204 is infixed in the EGR path 203 concerned, and the desired amount 
of EGR(s), i.e., an EGR rate, (the amount of exhaust air reflux / new mind inhalation air content) is 
obtained by performing opening control of this EGR valve 204. 

[0027] The EGR valve 204 is constituted by the magnitude of the negative pressure (negative pressure in 
actuation room 205 A) which acts on a diaphragm 205 controllable in the amount of lifts of a valve element 
206, and the amount of EGR(s) (rate) is controlled according to the amount of lifts of this valve element 
206. In addition, control of the amount of lifts (EGR) of this EGR valve 204, i.e., the negative pressure in 
actuation room 205A of the EGR control valve 204 The atmospheric-air side control solenoid valve 208 
infixed in atmospheric-air installation path 208A which an end side opens for free passage to atmospheric 
air and an other end side opens for free passage to actuation room 205 A of the EGR control valve 204, An 
other end side resembles the negative pressure side control solenoid valve 209 infixed in negative pressure 
installation path 209A which is open for free passage to actuation room 205 A, and is performed more to the 
vacuum pump which an end side does not illustrate. Said atmospheric-air side control solenoid valve 208 
and said negative pressure side control solenoid valve 209 are controlled by the control unit 105 by desired 
opening (DUTY ratio). 

[0028] Moreover, as for the amount of lifts of a valve element 206, feedback control of the amount of lifts 
is carried out by the control unit 105 so that the amount of lifts of the actual valve element 206 may be 
detected and it may be in agreement with the target amount of lifts by the lift sensor 207 with which the 
EGR valve 204 was equipped. In addition, although the inhalation-of-air throttle valve 210 is infixed in the 
upstream of the connection of the EGR path 203 of the inhalation-of-air path 202, this inhalation-of-air 
throttle valve 210 is controlled by the step motor 210 based on the signal from a control unit 105 that 
inhalation-of-air negative pressure should be controlled so that the amount of demand EGR(s) is obtained. 
[0029] Here, the concrete control which the control unit 105 in this example performs is explained 
according to the flow chart of drawing 4 and drawing 5 . In addition, the control unit 105 concerned is 
equipped with the exhaust air reflux control means concerning this invention, an excess-air-factor detection 
means, a marginal excess-air-factor setting means, the rate setting means of basic exhaust air reflux, the 
rate operation means of marginal exhaust air reflux, and the rate setting means of target exhaust air reflux 
by software. 

[0030] Step (it is described as S by a diagram.) Hereafter, by 1, an engine speed (Ne) is read similarly. 
Accelerator opening (Acc) is read at step 2. At step 3, basic fuel oil consumption (Gf) is calculated with 
reference to the table shown in drawing 7 based on Ne and Acc. In addition, you may make it calculate 
basic fuel oil consumption (Gf) based on the signal of the angle-of-rotation location sensor 102 etc. In 
addition, since a fuel ratio pile changes with temperature, it is desirable that it is made to perform 
temperature compensation. 

[003 1] At step 4, Limitation lambda (Llmd) is calculated with reference to the table shown in drawing 8 
based on Ne. At step 5, a basic EGR rate (alpha) is calculated with reference to the table shown in drawin g 
9 based on Ne and Gf. This basic EGR rate (alpha) is set as a value from which the desired NOx reduction 
effectiveness is acquired, corresponding to operational status, or aiming at reduction of NOx, it is set up so 
that desired fuel consumption may be obtained. In addition, it is desirable that engine temperature etc. also 
amends this value so that it may plan combustion stability etc. 
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[0032] At step 6, the amounre Gath of basic cylinder gas inhalation (new mind inhalation air content) is 
calculated with reference to the table shown in drawing 10 based on Ne. In addition, you may make it 
detect from an air flow meter or inhalation-of-air negative pressure. Moreover, since a charging efficiency 
also changes with temperature, it may be made to amend. With reference to the table shown in drawing 1 1 , 
based on alpha and Ne, it asks for whenever [ basic EGR valve-opening ] (BA EGR), and the following 
operations are performed at step 7 based on further this reading value (BA EGR). 
[0033] X=X-K/SUB>+(BA EGR-X -l)/nl A EGR = BA EGR+Clx (BA EGR-X) 
In addition, -1 of a subscript shows the last operation value, and CI is a multiplier and an integer 
predetermined in nl. This operation is equivalent to the primary progress processing of whenever [ EGR 
valve-opening / which expected the response delay of the EGR valve 204 ]. 

[0034] At step 8, it is based on alpha and Ne with reference to the table shown in drawing 12 , and is basic 
inhalation-of-air throttle valve opening (BA Thr). It asks and the following operations are performed based 
on further this reading value (BA Thr). 
Y=Y-1+(BA Thr-Y -l)/n2A Thr = BA Thr4-C2x (BA Thr-Y) 

In addition, -1 of a subscript shows the last operation value, and C2 is a multiplier and an integer 
predetermined in n2. 

[0035] This operation is equivalent to the primary progress processing of the inhalation-of-air throttle valve 
opening which expected the response delay of the inhalation-of-air throttle valve 210. With reference to the 
table shown in drawing 13 , based on A Thr and Ne, it asks for a coefficient C 3 and the operation of 
further the following is performed at step 9. 

Gath =Gath-l+ (C3 xB Gath-Gath -1) / n3 — here, -1 of a subscript shows the last operation value, and C3 
is a multiplier and an integer predetermined in n3. C3 amends change of the charging efficiency over 
opening change of the inhalation-of-air throttle valve 210. The operation concerned is equivalent to the 
primary delay processing in which the capacity of the inhalation-of-air path 201 was taken into 
consideration. 

[0036] At step 10, a marginal EGR rate (beta) is calculated based on Gath, Gf, and Llmd. An operation here 
is performed by [ as being the following ]. 

beta-[(KlxGath-K2xLlmdxGf) x(Gath+Gf)]/[K3xGfx (Gath+LlmdxGf)] 

Kl, K2, and K3 - a multiplier - it is - K - 1= 0.2-0.3, K2, and K3=3.0-4.0 it is . 

[0037] Step 1 1 compares Above alpha and Above beta. If it is alpha<beta, it will progress to step 12, and if 
it is alpha>=beta, it will progress to step 15. At step 12, it is alpha<beta, and since it is generous to a 
marginal EGR rate (beta), a basic EGR rate (alpha) is made into an output EGR rate (O EGR) so that 
neither a smoke nor output characteristics may be worsened beyond the need and NOx can be reduced for 
example, as a demand. 

[0038] At step 13, it is A EGR. A value is considered as whenever [ output EGR valve-opening ] (OA 
EGR). At step 14, it is A Thr. About a value, it is output inhalation-of-air throttle valve opening (OA Thr). 
It carries out. Although it progresses to step 15 on the other hand since the opening of EGR valve 204 
grade will be set up exceeding a marginal EGR rate and a smoke and a particulate may get worse at step 12 
when it is judged that it is alpha>=beta, step 15 compares beta and 0 first. 

[0039] If it is beta>=0, since it is not EGR cut conditions, it progresses to step 16. It progresses to step 19 
noting that it is EGR cut conditions, if it is beta< 0. At step 16, the value of beta is made into an output 
EGR rate (O EGR) so that a smoke and particulate aggravation can be prevented preferentially, and so that 
the maximum reduction also of NOx can be carried out. 

[0040] With reference to the table of drawing 1 1 etc., based on beta and Ne, it asks for whenever [ basic 
EGR valve-opening ] (BA EGR), and the operation of further the following is performed at step 17. 
X=X-1+(BA EGR-X -l)/nlA EGR = BA EGR+Clx (BA EGR-X) 

In addition, -1 of a subscript shows the last operation value, and CI is a multiplier and an integer 
predetermined in nl . 

[0041] This operation is equivalent to the primary progress processing of whenever [ EGR valve-opening / 
which expected the response delay of the EGR valve 204 ]. and ~ this (A EGR) — a value is considered as 
whenever [ output EGR valve-opening ] (OA EGR). At step 18, it is based on beta and Ne with reference to 
the table shown in drawin g 12 , and is basic inhalation-of-air throttle valve opening (BA Thr). It asks and 
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the following operations a^^formed based on further this reading value (BA Thr). 
[0042] Y=Y-1+(BA Thr-Y -l)/n2A Thr = BA ThrhC2x (BA Thr-Y) 

In addition, -1 of a subscript shows the last operation value, and C2 is a multiplier and an integer 
predetermined in n2. This operation is equivalent to the primary progress processing of the inhalation-of-air 
throttle valve opening which expected the response delay of the inhalation-of-air throttle valve 210. 
[0043] and - this (A Thr) ~ a value - output inhalation-of-air throttle valve opening (OA Thr) ** -- it 
carries out. In addition, what passed step 14 and step 18 progresses to step 24, and let Gf be the output 
injection quantity (O Gf) as it is here. At step 25 - step 27, a signal is outputted to each actuator based on 
the result of an operation to the above. 

[0044] Although it progresses to step 19 on the other hand when it is judged at step 15 that it is beta< 0 and 
they are EGR cut conditions, it is referred to as output EGR rate =0 (With/Out EGR, i.e., EGR cut, ) at step 
19. At step 20, =0 (close by-pass bulb completely) costs whenever [ output EGR valve-opening ] (OA 
EGR). At step 21, it considers as an output inhalation-of-air throttle valve opening (OA Thr) =Max value 
(full open). 

[0045] And at step 22, the marginal injection quantity (T Gf) is calculated by the following operation 
expression so that the marginal excess air factor set up so that neither a smoke nor a particulate may get 
worse more than predetermined may be obtained. 
T Gf=(K4xGath)/(K5xLlmd) 

Here, the values of 0.2-0.3 and K5 of the value of K4 are 3-4. 

[0046] At step 23, it is the output injection quantity (O Gf) about (T Gf). After carrying out, it progresses to 
step 25 and a signal is outputted to each actuator like **** based on the result of an operation of step 20 - 
step 23. In addition, in this example, after the operation of beta and T Gf, although re-amendment is 
omitted since there is little change of Gath by this, although the value of Gath will change a little in order 
for amendment to join inhalation-of-air throttle valve opening, it may be made to carry out. 
[0047] Continuously, opening control of the EGR valve 204 is explained according to the flow chart of 
drawin g 6 . Whenever [ output EGR valve-opening / which is the result of an operation of the flow chart of 
drawing 4 and drawing 5 at step 100 ] It reads. (OA EGR) At step 101, it is an output EGR valve lift (T 
Lift). It asks based on drawing 14 . 

[0048] EGR valve lift actual at step 102 (S Lift) It detects from the output signal of the lift sensor 207. At 
step 103, it is -(S Lift) =deltaLift (T Lift). It asks. Step 104 compares deltaLift and the predetermined value 
a. If it is deltaLift<a, it will progress to step 105, and if it is deltaLift>=a, it will progress to step 107. 
[0049] Step 105 compares deltaLift and predetermined value-a. If it is deltaLift>-a, this flow will be ended 
as it is. If it is deltaLift<=-a, it will progress to step 106. deltaLift is small more than predetermined, and 
since the actual amounts of lifts are insufficient, a driving signal is controlled by step 106 to decrease the 
opening of the atmospheric-air side solenoid valve 208 to fit in the range of - a<delta Lift<a. 
[0050] Since deltaLift is large more than predetermined and the actual amount of lifts is too large, a driving 
signal is controlled by step 107 to make the quantity of the opening of the atmospheric-air side solenoid 
valve 208 increase to fit in the range of - a<delta Lift<a. As mentioned above, the fuel oil consumption 
which becomes settled by accelerator opening (Acc) and the engine speed (Ne) according to this example 
(Gf), the amount (Gath) of cylinder gas inhaled in the limitation lambda (Llmd) set up for every service 
condition, and a cylinder It is alike, it is based and calculate the marginal EGR rate (beta) which attains 
Limitation lambda, and when the marginal EGR rate (beta) concerned is smaller than the basic EGR rate 
(alpha) set up beforehand By carrying out opening control, EGR valve 204 grade so that it may become the 
marginal EGR rate (beta) concerned an excess air factor — the optimal — controllable — with **** — the 
maximum smoke and a particulate can be controlled, without increasing NOx more than predetermined — 
both (step 11, step 15 - step 18 corresponding) When said marginal EGR rate (beta) is larger than said basic 
EGR rate (alpha) By controlling EGR valve 204 grade to become said basic EGR rate (alpha) Faults by 
raising the rate of exhaust air reflux beyond the need, stopping NOx in predetermined, such as aggravation 
of fuel consumption and an output shock, can be controlled (step 1 1 - step 14 correspond), an excess air 
factor — the optimal — controllable — with — **** — in addition — and, when said marginal EGR rate (beta) 
becomes zero (EGR cut) or less It is the marginal injection quantity (T Gf) so that Limitation lambda may 
be acquired. Since it controls, a smoke and a particulate can be controlled effectively, without increasing 
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NOx more than predeterminBa (step 1 1, step 15, step 19 - step 23 correspond). 

[0051] That is, since according to this example the EGR valve 204, the inhalation-of-air throttle valve 210, 
or fuel oil consumption was controlled so that the excess air factor in an actual cylinder was presumed and 
a desired excess air factor was obtained based on the presumed result concerned, even if it is at the time of 
transient operation etc., NOx reduction, a smoke and particulate reduction, and reservation of operability 
can be attained on high level. 

[0052] In addition, about the inhalation-of-air throttle valve 210, it is also omissible. That is, it is used in 
order to increase inhalation-of-air negative pressure so that a desired EGR rate can usually be attained, but 
even if it does not form the inhalation-of-air throttle valve 210, the inhalation-of-air throttle valve 210 may 
be omitted in [ when / For example, there being an inhalation-of-air throttle valve from the first. / a jump- 
spark-ignition type engine with large inhalation-of-air negative pressure, when a demand EGR rate is low 
from the first / etc. ], when a desired EGR rate is acquired. 

[0053] Moreover, in this example, although the delivery type pump was explained to the example, not only 
this but when a sequence-type pump is adopted, of course, this invention can be applied. Moreover, this 
invention is applicable even if it is in not only a direct injection Diesel engine but an accessory cell type 
Diesel engine, and an Otto engine. 
[0054] 

[Effect of the Invention] As explained above, according to invention according to claim 1, the actual excess 
air factor of the gaseous mixture inhaled in a gas column is detected. This actual excess air factor, Based on 
the marginal excess air factor set up according to engine operational status, the rate of marginal exhaust air 
reflux from which a smoke etc. serves as a limitation is calculated. The rate of basic exhaust air reflux, 
Compare the rate of marginal exhaust air reflux, choose the rate of exhaust air reflux of the smaller one, 
and since the exhaust air reflux valve was controlled as a rate of target exhaust air reflux, this selected rate 
of exhaust air reflux When said rate of basic exhaust air reflux is higher than said rate of marginal exhaust 
air reflux Since an exhaust air reflux valve is controlled to become said rate of marginal exhaust air reflux, 
while a smoke and a particulate can be controlled, when said rate of marginal exhaust air reflux is higher 
than said rate of basic exhaust air reflux Since an exhaust air reflux valve is controlled to become said rate 
of basic exhaust air reflux, faults by raising the rate of exhaust air reflux beyond the need, such as 
aggravation of fuel consumption and an output shock, can be controlled stopping NOx in predetermined. 
[0055] Moreover, according to invention according to claim 2, by the case where said rate of marginal 
exhaust air reflux becomes zero (the so-called EGR cut) or less, since the fuel amount of supply was 
controlled by opening control of an exhaust air reflux valve in the condition that it cannot control to target 
exhaust air reflux so that a marginal excess air factor was obtained, a smoke and a particulate can be 
improved effectively, without increasing NOx more than predetermined. 

[0056] According to invention according to claim 3, the large range can be covered and the high rate of 
exhaust air reflux can be realized as a rate of target exhaust air reflux. According to invention according to 
claim 4, the rate of marginal exhaust air reflux can be calculated with high precision and easily. According 
to invention according to claim 5, the rate of marginal exhaust air reflux can be calculated as a value well 
approximated to the much more actual rate of marginal exhaust air reflux. 

[0057] When according to invention according to claim 6 it constitutes so that an actual excess air factor 
may be detected based on a new mind inhalation air content Since it was made to change the new mind 
inhalation air content used for the operation concerned with a predetermined delay degree to operational 
status change Since a part for the restoration delay resulting from the inhalation-of-air path volume into the 
gas column of actual new mind inhalation air etc. can be amended to change of operational status (for 
example, engine rotational speed, an engine load, inhalation-of-air throttle valve opening), an actual excess 
air factor is more detectable to high degree of accuracy. 

[0058] According to invention according to claim 7, the marginal fuel amount of supply can be calculated 
with high precision and easily. According to invention according to claim 8, the marginal fuel amount of 
supply near much more actually can be calculated. Since according to invention according to claim 9 it has 
a predetermined progress degree and the exhaust air reflux valve controlled by said exhaust air reflux 
control means was controlled, the actuation response delay of an exhaust air reflux valve is cancelable. 
[0059] Since it has a predetermined progress degree and said inhalation-of-air throttle valve was controlled 
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by invention according to 10, the actuation response delay of an inhalation-of-air throttle valve is 

cancelable. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of tbis translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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